Elsevier/North-Holland Scientific Publishers, Ltd. Surgery, Harvard Medical School, Children's Hospital Medical Center, Boston, Mass. 02115 (U.S.A.) (Accepted for publication: May 9, 1981) H-reflex recovery curves have often been used' clinically to measure the excitability of the motoneuron pool. However, such curves have often been difficult to interpret clini cally (Matthews 1970) . Their reliability as a clinical indicator of the excitability of the a-motoneuron pool is marred, however, by a number of variables that influence the H-reflex. Among the parameters that have been postulated to affect the H-reflex recovery are the following:
(1) inhibition of the motoneuron pool by group II afferent volley via internuncial activ ity (Magladery et ale 1951) ; (2) recurrent inhibition by Renshaw cells that may cause the primary inhibition period, especially in its earliest part (Haase et ale 1975) ; (3) impulses from 1b afferents that may have a similar effect (Hufschmidt 1966) ; (4) feedback from the muscle spindles and joint receptors lead ing to inhibition (Taboffkova and Sax 1969); (5) some supraspinal mechanism (Taboiikova 1973) ; and (6) depletion of the transmitter substances at the La-o-motoneuron synapses by the conditioning stimulus (Taboffkova and Sax 1969) .
In the present paper we add to this list a parameter that has not previously been shown to have an influence on the H-reflex recovery curve, namely, the input from afferent nerves located in the skin. Previous studies (Gassel and Ott 1970) have shown that electrical and noxious stimulation of the skin affects the amplitude of the H-reflex, but to our knowl edge no study has thus far shown the effect of natural or on-going discharge by the afferent nerves in the skin on recovery curves for the H-reflex. The fact that we used topical anesthesia to desensitize the skin receptors rather than noxious stimuli renders this inves tigation more appropriate for studying the natural stimuli that typically affect the H-reflex in ordinary non-experimental condi tions. Some of our measurements differen tiate between dermatomes and others, between more general areas pertaining to the calf, tibialis anterior, quadriceps, and ham strings locations.
Material and methods
In measuring an H-reflex recovery curve, an initial electrical pulse elicits an H-reflex (HI) and the time delay that occurs before another pulse of the same intensity can elicit another H-reflex (H 2 ) is measured. The amplitudes of the two reflexes are measured and compared. At times it is also useful to monitor the gradual increase in amplitude of the H 2 reflexes as a function of time between pulses.
A total of 53 adult subjects whose age ranged from 18 to 52 years with a mean of 27 ± 7 were tested for the effect of topical anesthesia after giving their informed consent. All subjects were without past history of neurological conditions. They were asked to lie prone in a relaxed and comfortable posi tion while the ankle was secured in a specially designed apparatus which allowed the foot to move freely during reflex contraction of the muscles. A diagram of the recording set-up is shown in Fig. 1 . The H-reflex was elicited by stimulating the posterior tibial nerve unifocally with 1 msec square pulse once every 5 sec with a stimulus that was subthreshold to the muscle action potential response (Mvwave) . The stimulation electrode (cathode) consisted of a felt sphere 1.5 em in diameter soaked with 0.9% phys iological saline solution. The indifferent elec trode (anode) for stimulation consisted of a 10 cm X 10 cm cotton-padded mesh soaked in 0.9% physiological saline and placed on the anterior surface of the thigh just above the patella. The H-response was recorded differen tially via two cup electrodes coated with gel that were placed 3 ern apart on the skin over lying the soleus muscle and in line with the Achilles tendon. The indifferent electrode for recording was a rectangular metal plate (3 em X 5 em) placed between the stimulation and recording sites to minimize the stimulus artifact. The signal was amplified 1000 times with a bandwidth of 10 Hz to 10 kHz, and was subsequently preserved on an ultraviolet sensitive paper for analysis.
At the beginning of each experiment the amplitude of the Hsreflex was stabilized by using the method of Sabbahi and De Luca (in preparation) . This was achieved by using a threshold stimulus to the muscle response with a frequency of 1 pulse/sec for 3 min, then lowering the stimulus frequency gradu ally to 0.5 pulse/sec, and finally to 0.2 pulse/ sec, while at the same time reducing the stimulus intensity until an appropriate H-reflex amplitude with minimum variability was obtained. Stimulation every 5 sec using the selected stimulus intensity was continued until maximum stabilization of the H-reflex amplitude was achieved (this generally took 3-5 min) at which point the experiment could begin. This was achieved when the stimuli for the H-reflexes were subliminal to the Mvwave, and elicited approximately 70% of the maximal amplitude of the H-reflex. Hsreflex recovery was then tested by varying the interstimulus intervals, while keeping the stimulus intensity constant.
After measuring the control recovery of H 1 . for incremented interstimulus intervals, topi cal anesthesia (20% benzocaine) was sprayed for 15-20 sec on one of the following 4 skin areas for each subject: the calf skin area, the tibialis anterior area, the quadriceps skin area and the hamstrings skin area. In 3 subjects the total skin area of the lower limb was anesthetized to test any summation effect on the motoneuron pool. The topical anesthesia was also sprayed on one of the following skin dermatomes for each subject: L 1 , L 3 , L 4 , L s, Sit 8'2' The recovery of the H-reflex was tested 30 min after application of the anesthesia in all subjects and was compared to the control recovery before anesthesia. In 17 subjects H-ref1ex recovery was also tested 15 min after anesthesia.
Three subjects were tested, using the same procedure, while a placebo spray was used. The placebo spray was a product containing all the ingredients of the active spray except the benzocaine. These control experiments were conducted without prior information given to the subjects.
Results
In this study the initial recovery time refers to the period during which the smallest detectable Hj-reflex can be elicited by a pulse identical to the one that had just elicited an HI-reflex. The degree of recovery at a specific interstimulus interval refers to the ratio of the peak-to-peak amplitude of the Hz-to the Hj-reflex at that particular interval and is expressed as a percentage.
Before the application of anesthesia, the initial recovery time varied among subjects, ranging from 35 to 100 msec (Fig. 2) . As the interstimulus interval increased, more subjects gradually recovered from the primary inhibi tion period. Before anesthesia 3 subjects did not show recovery within the 100 msec inter val, whereas after anesthesia only 1 subject did not show recovery in this time period.
Ten minutes after application of topical anesthesia to the skin most subjects reported a slight reduction of skin sensation to super ficial touch and hair movements with preser vation of other sensation. This effect lasted throughout the duration of the experiment. INITIAL RECOVERY TIME (moec) Fig. 2 . The initial recovery time of the H-reflex, in all subjects, before the application of the topical anes thesia (solid line) was distributed along a wide range of interstimulus intervals. The initial recovery time was reduced substantially 30 min after application of topical anesthesia (dashed line) to various skin areas and dermatomes. The curves represen t a cumulative distribution of the number of subjects.
M. SABBAHI, C.J. DE LUCA (This reduced sensation was not reported by the subjects when they were sprayed with the placebo.) Thirty minutes after topical anesthesia was applied to the various skin areas and derma tomes the initial recovery time decreased by 20 ± 17 msec in 42 out of 53 subjects (Fig.  2) . Eleven subjects, however, showed no mea surable change in the initial recovery time after anesthesia. It is speculated that in these subjects the topical anesthesia did not effec tively desensitize the cutaneous receptors (especially in those subjects who felt no sub stantial changes in their skin sensation). It can be seen that after anesthesia 92% of the sub jects recovered their H-reflex when the HI to Hz interval was 70 msec, whereas without anesthesia only 70% of the subjects were able to produce an Hj-reflex after that interval of time. At the interstimulus interval of 50 msec, Fig. 3 . The decrease in the initial recovery due to the application of topical anesthesia varied among sub jects. Most subjects showed an H·reflex recovery that occurred 10-30 msec earlier, after the application of anesthesia. Eleven subjects showed no measurable changes.
the difference between groups is even more striking: 74% of the subjects after anesthesia produced H 2-reflexes compared with only 26% prior to anesthesia.
It was also noted as a separate observation that after anesthesia was applied to the vari ous skin areas and dermatomes, the peak-to peak amplitude of the H-reflex showed signifi cant (P < 0.001) facilitation in every case except for the skin overlying the anterior tibial muscle and the 8 1 dermatome. In order to monitor the changes in the stimulus volley, the M-wave was occasionally checked. No measurable changes were noticed throughout the experiment. The details of this interesting observation will be reported in another publi cation (Sabbahi and De Luca, in preparation) .
The extent of H-reflex initial recovery shift as a result of anesthesia varies from one sub ject to another. Most subjects recovered 10 30 msec earlier after the application of the anesthesia (Fig. 3) . However, in one subject the initial recovery time decreased by more than 70 msec. In the control series of reflex recovery for this particular subject, no H·reflex recovery was noted until the 100 msec interstimulus interval was reached, an indication of exceptionally strong H-reflex inhibition. After the application of topical anesthesia to the L 4 dermatome of this sub ject, the H-reflex started to recover after an interstimulus interval of 30 msec. In keeping with these results, the average decrease in the initial recovery time noted after the application of the anesthesia was plotted against the initial recovery time (Fig.  4) . A linear regression analysis revealed the following relationship: y =18.5 + 0.66x for 28 :os;; x:OS;; 100, where y = the decrease in the initial recovery time post-anesthesia in msec and x > the initial recovery time before anesthesia in msec. The correlation coefficient was r » 0.96. Thus the larger the initial recovery time before anesthesia, the more it decreased following anesthesia.
After the initial recovery was achieved, the H% -reflex gradually increased in amplitude when the interstimulus interval was increased up to 100 msec, the maximal interstimulus interval used (Fig. 5A and B) . The degree of recovery with time also varied among sub jects, although the pattern of a gradual incre mentation of the H-reflex was similar in all subjects. Fig. 5A shows the mean recovery curve before and 30 min after application of topical anesthesia to the different skin areas and dennatomes. The H-reflex recovery at 100 msec varied for 0.3-22% of the H-reflex responses with a mean value of 10.6% j: 5%.
As may be seen in Fig. 2 , before applica tion of the anesthesia, 15 subjects showed initial recovery after 50 msec, whereas 30 min after anesthesia, 10 subjects showed initial recovery of the test reflex at 30 msec. These initial recovery times were used as the grand mean initial recovery for all subjects tested before and after anesthesia (Fig. 5A) . In Fig.  5A it may be seen that not only the test H-reflex recovered earlier after anesthesia, but with increasing interstimulus intervals, it showed a faster and steeper recovery. This faster and steeper recovery was statistically significant (P < 0.01 at 60 msec to P < 0.0003 at 100 msec) in all subjects after anesthesia.
Although intersubjects variation was rela tively large which partially masked the issue, the faster recovery was even more striking and distinguishable in individual experiments. In the individual recovery curve shown in Fig.  5B , the H 2-reflex showed an earlier and more substantial recovery 30 min after application of topical anesthesia to the L 4 dermatome as compared to the control H-reflex recovery.
The extent to which the initial recovery time was shortened following anesthesia had no apparent correlation with the skin area or M. SABBAHI, C.J. DE LUCA dermatome desensitized by the anesthesia. When the initial recovery time before and 30 min after application of topical anesthesia was recorded, no measurable differences were noticed between different skin areas and dermatomes. Furthermore, it is interesting to note that when the total skin area of the lower limb was desensitized, no summation effect on the initial recovery was noticed.
Although most of the tests for the effects of anesthesia were carried out 30 min after its administration, in 17 subjects the H-reflex recovery was also measured at 15 min after applying the anesthesia, and in 3 subjects at various intervals between 30 and 60 min after its application. In these 20 subjects the change in the initial recovery time increased with time post anesthesia. This observation is con sistent with the previously mentioned increase in amplitude of the Hsreflex with time post anesthesia.
In general, significant facilitation in the Heeflex amplitude was always associated with substantial changes in the recovery curves. Correspondingly, those subjects who showed reflex inhibition or no significant change in amplitude of the H-reflex after application of the anesthesia to the anterior tibial skin or SI dermatome also showed no significant changes in the H-reflex recovery curves. None of the above-mentioned changes in the recovery curves were noticed after the place bo spray was applied to the skin of the lower limb.
Discussion
The pattern of recovery of the a-motoneu ron pool observed in this study was similar to that which has been previously reported in the literature (Hayes et al. 1979; Paillard 1959) . Specifically, the period of inhibition following an Hj-reflex and the general correla tion of the incrementing amplitude of the H r reflex with increased interstimulus interval have been reported by other investigators. Moreover, an abnormally quick recovery period for the H-reflex following upper moto neuron lesion was reported almost 3 decades ago (Magladery et al. 1952 ) and was attrib uted to an increase in the excitability of the motoneuron pool after a CNS lesion. Corre spondingly, slower recovery was noticed with decreased excitability of the motoneuron pool in spinal shock and cerebellar syndrome (Olsen and Diamantopoulos 1967; Garcia Mullin and Mayer 1972) .
The faster recovery period after the appli cation of topical anesthesia to the skin is most likely due to increased excitability of the motoneuron pool in response to reduced inputs from cutaneous afferents. Hagbarth (1960) demonstrated that certain skin areas are excitatory while others are inhibitory to the extensor motoneuron pool. Our results indicate that the cutaneous afferent input plays an important inhibitory role on the a-motoneuron pool of the soleus muscle. This point is supported by a companion investiga tion by Sabbahi and De Luca (in preparation) .
From the results of this study, it is not pos sible to ascertain which mechanism caused the observed increase in the a-motoneuron pool excitability when the cutaneous receptors were desensitized. Both segmental and supra segmental effects may be involved. Input from cutaneous afferents appears to have a substantial effect throughout the early part of the recovery period, i.e., up to 100 msec. Within this time frame, the long-loop supra spinal input could be involved (Taborfkcva 1973) , and it is perhaps this mechanism that is influenced by input from cutaneous afferents (Gassel and Ott 1970). There would be sufficient time for the inhibitory supra spinal pathways to be activated by the spinal input which is activated by the cutaneous afferents. However, segmental influences can not be totally excluded.
The facilitation noticed in this study in the H-reflex recovery curve occurs at 30-100 msec of interstimulus intervals. Caccia et al. (1973) reported that during such time the EMG activity of the abductor pollicis brevis was inhibited by cutaneous reflexes as induced by electrical stimuli to the index finger. The TVR of the calf muscle has also been shown to be inhibited after application of topical anesthesia to the skin overlying the muscle (Abbruzzese et al, 1978) . The inhibi tion period reported by Caccia's group was noticed 30-80 msec after the induced stimulus. They reported an initial inhibition period which was attributed to the effect of the small myelinated nociceptor fibers (which are reportedly responsible for the inhibitory postsynaptic potential), while the second inhibition period was accounted for by the inhibitory mechanisms of the slowly conduct ing fusimotor system. Skin desensitization with topical anesthesia may result in reduc tion of this cutaneous inhibitory effect on the excitability of the c-motoneurons and may account for the changes noticed in our study.
The discharge of the motoneuron pool in response to afferent signals has been reported to be modulated by supraspinal inputs. Willer et al. (1979) demonstrated an alternation in the flexion nociceptive reflex by supraspinal inflow as set by mental task or stress. Also, the long latency stretch reflex, but not the tendon reflex, of the flexors of the thumb was inhibited by deep anesthesia to the thumb (Marsden et al. 1979 ). However, this was not the case when the anesthesia was applied to the foot or the great toe (Marsden et al. 1977) . In an earlier investigation, Mars den et al. (1976) proposed a tentative hypoth esis that cutaneous afferents may have a tonic facilitory effect on the cortex. This was based on the findings of Rosen and Asanuma (1972) that cutaneous afferents demonstrated abun dant projection to the motor cortex. More over, the firing discharge of the pyramidal tract neurons was increased after blocking of the afferent inputs by a small dose of anesthe sia (Lewis and Porter 1974) .
It may be seen in Fig. 4 that subjects whose a-motoneurons had a relatively longer initial recovery time demonstrated a relatively greater decrease in the initial recovery time after the application of anesthesia to the skin. It has been shown in previous investigations that tonic motoneurons tend to have a faster H-reflex recovery time than phasic motoneu rons (Sabbahi Awadalla 1976; Sabbahi and Sedgwick 1979) as well as faster firing rates (Kernell 1965) . Hence, it appears that some o-motoneurons are more driven by-skin inputs than are other motoneurons,a point that has been previously suggested by Burke (1973) and Kanda et al. (1977) . However, more studies need to be done to support this con jecture.
In conclusion, our results demonstrate that input from cutaneous afferents may have an important inhibitory influence on the excita bility of the soleus a-motoneuron pool, possi bly via segmental and supraspinal long-loop pathways. Thus, if the H-reflex recovery curves are to be used as a clinical tool, it is important to keep in mind that changes in cutaneous afferent inputs, such as those that might be caused by lesions, for example, need to be considered in interpreting the observed data.
Summary
The H-reflex recovery curve of the soleus muscle was studied in 53 normal subjects before and after the application of topical anesthesia (20% benzocaine) to various skin areas and dermatomes of the lower limb. Skin areas were those overlying the calf, tibialis an terior, quadriceps and hamstrings muscles, and the dermatomes were L 2, L 3 , L 4 , L s, 8 11 8 2, In 42 subjects the H-ret1ex initial recovery decreased by 10-80 msec with a mean of 20 ± 17 msec 30 min after application of the topical anesthesia. Also, the test reflex (the second sequential H-reflex) had a faster recovery with less inhibition than that before anesthesia. It was also noticed that the longer the inhibition period before anesthesia, the greater the decrease in recovery time. These observations had no correlation with the skin area or dermatome desensitized by the anesthesia. Furthermore, these observations were not noted when a placebo was sprayed on the skin.
The results from this study indicate that input from cutaneous afferents may have an important inhibitory effect on the c-motoneu rons of the soleus muscle. This effect is pos sibly more profound on the large phasic motoneurons. These results are discussed in relation to clinical interpretations of the H-reflex recovery curves.
Resume
Anesthesie topique: modifications de la recu peration du reflexe-H par desensibilisation de la peau
La courbe de recuperation du reflexe-H du muscle soleaire est etudiee chez 53 sujets nor maux avant et apres application d'anesthesie topique (20% de benzoca"ine) a diverses aires de la peau et aux dermatomes du membre inferieur. Les aires cutanees sont celles qui recouvrent les muscles de la jambe, tibial anterieur, quadriceps et du mollet et les der matomes sont L 2, L 3 , L 4 , L 5 , 8 10 S2' Chez 42 sujets, la recuperation initiale du reflex-H diminue de 10 a 80 msec avec une moyenne de 20 ± 17 msec, 30 min apres application topique de I'anesthesia. De rneme, le reflexe test (Ie second reflexe-H sequential) a une recuperation plus rapide avec moindre inhibi tion qu 'avant I'anesthesie. On note egalement que plus la periode d'inhibition avant I'anes thesie est longue, plus importante est la diminution du temps de recuperation. Ces ob servations n'ont pas de correlation avec l'aire cutanee ou le dermatome desensibilises par I'anesthesie. En outre, ces resultats ne s'ob servent pas lorsque un placebo est vaporise sur la peau.
Les resultats de cette etude indiquen t que I'entree venant d 'afferences cutanees peut avoir un effet inhibiteur important sur les motoneurones alpha du muscle soleaire. Cet effet est peut-etre plus profond sur les grands motoneurons phasiques. Ces resultats sont discutes par rapport aux interpretations cliniques des courbes de recuperation du reflexe-H.
I
The authors are grateful for the interest and assis tance provided by Dr. W.R. Powers throughout this study. The topical anesthesia spray (Americaine) as' well as the placebo spray were supplied by American
